Abstract
100
In the absence of the above meteorological conditions, O 3 concentrations were near the 101 background levels, in the 40-50 ppb range in the UGRB and UB (Oltmans et al., 2014a) .
102
It should be noted that the impact of the oil and NG production on ambient air quality goes emission data set is avoided by using NEI-2005 for non oil/gas sector emission estimates.
203
The coal fired Bonanza power plant ( Fig. 1) for more reactive VOCs, should be considered lower limits.
270
No hourly variation is assumed in the top-down emission scenario for the oil/gas sector. Here the 271 oil/gas emissions are spatially allocated according to well numbers in a given model grid cell, 
288
Total fluxes of CH 4 , VOCs and NO x from both emission scenarios for the oil/gas and other 289 sectors in the UB are provided in Table 2 . CH 4 and total VOC emissions for the oil/gas sector (Table S2 ). The gas phase chemistry mechanism used here is called "RACM_ESRL" within the 
316
The dry deposition of gas species is parameterized following Erisman et al. (1994) . As the 317 default WRF-Chem code was intended to simulate summertime O 3 , the deposition scheme uses 318 "snow or ice" type of land use category solely for the areas permanently covered by ice, e.g. the
319
Arctic. The deposition scheme was modified to treat model grid cells as "snow or ice" whenever species to the snow-covered ground for the 2013 simulations.
322
We used the Tropospheric Ultraviolet and Visible (TUV) photolysis scheme (Madronich, 1987) methods used to obtain these measurements are described in detail by Warneke et al., (2014) .
407
The median of the measured mixing ratios of primary and secondary chemical species highlight
408
the contrast in pollutant levels in the UB between the two consecutive years.
409
The evaluation statistics reveal that the model captures the temporal variability of primary Horse Pool (Fig. 3b) . The plots show the very low wind speed inside the UB, demonstrating the Horse Pool (Fig. 6a) shows that the strong O 3 buildup starts at ~10:00 MST and it is confined to chemistry is very non-linear.
560
In order to quantify the impact of the perturbation cases, we use the difference between the base 561 case and the case without the oil/gas emissions (shown in Fig. 3b) 
Sensitivity to the surface deposition processes

584
As noted in section 3, the presence of a snow layer on the ground also modifies the dry 585 deposition of the gas-phase species. To quantify the contribution of this process to surface O 3 we 586 performed a simulation where the modeled dry deposition velocities for all the gas species are 587 the same as on bare ground, i.e. the default WRF-Chem model. The IR for this case (D1 in Table   588 4) is significant (0.48). The model in this case still predicts a strong diurnal cycle in O 3 at the 589 surface, but with daytime maximums reduced 20 to 35 ppb. 
Sensitivity to the emission perturbations
600
Since emissions from the oil/gas sector play a crucial role in driving up O 3 in the UB, we further budget of NO y in the UB deduced from the simulations E5 and E6 shows that 66% of simulated 621 NO y is due to oil and gas activity, 10% is due to the Bonanza power plant, and 24% is due to 622 vehicle and urban emissions (Vernal and Roosevelt, UT) from the edge of the basin. Again this
623
10% contribution from Bonanza can be considered an upper limit to its actual contribution.
624
Simulations E7 and E8 quantify the contribution of alkane (>C2) and aromatic VOC species to 625 model O 3 by zeroing out the oil/gas sector emissions for each of these VOC classes. The results
626
show their relative contributions to be nearly the same, and comparable to case E5 where all the 627 oil/gas sector NO x emissions are removed. Yet, the VOC measurements (Table 3b ) and top-down 628 inventory (Table S1 in SI) show that aromatic emissions are much smaller than alkane emissions.
629
On a molar basis total aromatic emissions are only ~8% of the emissions of all alkanes having 630 greater than or equal to 5 carbon atoms. The disproportionate impact of oil/gas sector aromatics 631 on wintertime O 3 production has been documented by a box modeling study for another basin,
632
the UGRB in Wyoming (Carter and Seinfeld, 2012 
